The supernatant from centrifugation at 1,000 x g of strained rumen fluid was lyophilized, and the residue and sublimate fractions were used to replace fresh rumen fluid in a complete roll tube medium for enumeration of total rumen bacteria. Most of the growth-supporting nutrients in fresh rumen fluid were found in the residue fraction. With one exception, no significant differences were found in total bacterial numbers either by roil tube or most-probable-number procedures when lyophilized rumen fluid residue was substituted for fresh rumen fluid. Lyophilized rumen fluid residue was stable for at least 5 months at room temperature. Rumen fluid supernatant from centrifugation at 1,000 x g had a mean density of 1.005 0.03 g/ml and contained 1.56% 0.30% dry matter. On the basis of these values, 15.68 mg of lyophilized rumen fluid residue is equivalent to 1 ml of rumen fluid supernatant from centrifugation at 1,000 x g. Colony counts in this medium without RF (medium 10) were fairly similar to those obtained in a habitat-simulating RFagar medium. Grubb and Dehority (7) modified the original RF-glucose-cellobiose-agar medium (1) to contain 0.1% total substrate (0.025% each glucose and cellobiose plus 0.05% soluble starch) and reduced the total volume to 4.0 ml. Total counts of rumen bacteria from sheep fed four different diets were significantly higher with this medium than with medium 10. Although the mean value of bacterial numbers was also higher in RF-glucose-cellobiose-soluble starch-agar medium than in RF-agar medium, this difference was significant only in animals fed a concentrate-type diet.
The inclusion of 40% rumen fluid (RF) in a habitatsimulating medium has been done extensively for nonselective enumeration of rumen bacteria (8) . The original RFglucose-cellobiose-agar medium of Bryant and Burkey (1) was subsequently modified by Bryant and Robinson (3) . Their new medium, 98-5, contained clarified RF, reduced concentrations of glucose and cellobiose, soluble starch added as an energy source, and a combination of cysteine and sodium sulfide (changed from cysteine alone) as a reducing agent. In their studies, medium permitted the growth of about twice the number of rumen bacteria as RF-glucose-cellobiose-agar medium did. Caldwell and Bryant (4) later replaced RF in the medium with Trypticase (BBL Microbiology Systems, Cockeysvilie, Md.), yeast extract, hemin, and a volatile fatty acid (VFA) mixture. Colony counts in this medium without RF (medium 10) were fairly similar to those obtained in a habitat-simulating RFagar medium. Grubb and Dehority (7) modified the original RF-glucose-cellobiose-agar medium (1) to contain 0.1% total substrate (0.025% each glucose and cellobiose plus 0.05% soluble starch) and reduced the total volume to 4.0 ml. Total counts of rumen bacteria from sheep fed four different diets were significantly higher with this medium than with medium 10. Although the mean value of bacterial numbers was also higher in RF-glucose-cellobiose-soluble starch-agar medium than in RF-agar medium, this difference was significant only in animals fed a concentrate-type diet.
In a study just completed in our laboratory (6), total most-probable-number counts were significantly higher in a habitat-simulating 40% RF medium than in a complete medium without RF. The addition of 20% RF to the complete medium increased the counts to equal those in the 40% RF medium. Thus, it would appear desirable to include RF in nonselective media for enumeration of rumen bacteria. Housing and maintenance of a fistulated animal used as a source of RF for medium preparation can be difficult and in some cases impossible. The present study was undertaken to evaluate the possibility of using lyophilized RF (LRF) in place of fresh RF in anaerobic culture media.
RF for media and lyophilization was obtained just before feeding from a fistulated steer fed chopped alfalfa hay. The same animal was used as a source of inoculum for the medium comparison studies.
In the initial studies, the supernatant of strained RF centrifuged at 1,000 x g (1,000 x g supernatant) was shell frozen in a volumetric flask and lyophilized. Two fractions were obtained: the residue (solids), which remained in the flask, and the sublimate (liquid), which was collected with a cold finger condenser. Larger amounts of RF were subsequently lyophilized from trays in a commercial apparatus. Unless noted otherwise, all LRF preparations were made with the 1,000 x g supernatant of strained rumen fluid. VFAs were measured by gas chromatography (GC Bulletin 751G, Supelco, Inc., Bellefonte, Pa., 1982).
The standard 40% RF basal medium without added carbohydrate (containing minerals, resazurin, agar, sodium carbonate, and cysteine) was prepared as described by Grubb and Dehority (7) . Glucose, cellobiose, soluble starch, and xylose were added at concentrations of 0.05% each for a total carbohydrate level of 0.2%. During the preparation of LRF medium, it was observed that this material did not have the reducing capacity normally associated with fresh RF. On this basis, the concentration of cysteine was doubled in all LRF media. For the complete medium, RF was omitted; 0.2% Trypticase, 0.05% yeast extract, 0.45% VFA mixture (4), and 0.001% hemin were added; and the cysteine hydrochloride H20 concentration was increased to 0.1%. Most-probable-number media were similar to the roll tube media listed above except that agar was omitted, maltose was substituted for soluble starch, and each carbohydrate was added at a concentration of 0.25% for a 1% total carbohydrate concentration (6) .
Statistical comparisons were made by the standard paired t test (9) . Regression and correlation coefficients were calculated to help evaluate the stability of LRF residue (9) .
The ability of LRF residue and sublimate fractions to replace RF in a complete medium is shown in with the combination of LRF residue and sublimate was between and not significantly different from the numbers with 40% RF and with LRF residue alone. The patterns of growth response in the individual experiments were essentially similar. It appears that the LRF residue can replace fresh RF added to a complete medium. The ability of LRF residue to replace fresh RF in the standard 40% RF medium was investigated ( Table 2 ). In the first set of experiments, the same sample of RF was used to prepare media and LRF residue for all five replicates. In the second set, separate samples of RF were lyophilized and used for media in each experiment. In the first set, mean bacterial counts were not statistically different between the RF and LRF residue media; however, RF counts were significantly higher than those obtained with LRF residue (P < 0.05) in the second set. Since RF supplies all the nutrients except nitrogen and energy in the standard 40% RF medium, these results may suggest that a borderline nutrient level can occur in 40% LRF residue.
Total VFA concentration in LRF residue was about 19 i±moUml (reconstituted), which is between 10 and 40% of the normal concentration found in RF (8) . Individual concentrations of acetic, propionic, isobutyric, butyric, isovaleric, and valeric acids were 14.10, 2.73, 0.26, 0.85, 0.51, and 0.77 ,umol/ml, respectively. These concentrations would meet the VFA requirements of cellulolytic bacteria (2, 5); however, the requirements were determined for pure cultures in broth medium and may be limiting with respect to total counts in a solid medium. An additional observation in the previous experiment was that some batches of LRF residue seemed to contain a considerable amount of insoluble particulate matter. A 40% RF medium and a complete medium plus 40% RF were prepared with 1,000 x g and 3,500 x g supernatants of fresh RF. In the 40% RF medium, bacterial numbers were signif- icantly higher with the 3,500 x g supernatant, whereas no significant differences in numbers were found between the 1,000 x g and 3,500 x g supernatants in the complete medium plus 40% RF. Because of these results, a large batch of strained RF was centrifuged at 3,500 x g and lyophilized. The amount of insoluble particulate matter in media prepared with this LRF residue was definitely reduced. The large sample of LRF residue was stored in an airtight container at room temperature and used to prepare media after 0, 1, 2, 3, and 5 months. Standard 40% LRF residue medium and complete medium plus 40% LRF residue were compared with freshly prepared 40% RF medium each time. Two replicates were run at the end of each period, except at 2 months, when only one was run. Overall mean values and standard errors were as follows, in bacteria per 10-8 g of rumen contents: 40% RF medium, 72.6 + 7.0; 40% LRF residue medium, 66.0 + 6.4; complete medium plus 40% LRF residue, 67.8 + 6.9. These values were not significantly different. The numbers determined in the LRF residue media were subtracted from the numbers obtained in RF medium, and these differences were regressed against time. The regression coefficients were -0.776 and 0.900 and the correlation coefficients were -0.16 and 0.20 for 40% LRF residue and complete medium plus 40% LRF residue, respectively. Thus, LRF residue appeared to be stable under these conditions for at least 5 months.
The potential use of LRF residue in broth medium was investigated by using it to replace RF in most-probablenumber assays (Table 3) . Substitution of LRF residue for RF in the standard 40% RF medium and addition of 20% LRF residue to complete medium supported growth of similar numbers of rumen bacteria. Although numbers in the complete medium were not significantly different from those in the two 40% media at P < 0.05 (t005, 6 = 2.447), their t values were 2.300 and 2.430 for 40% RF and 40% LRF residue, respectively. The significant increase in counts obtained when LRF residue was added to the complete medium agrees with the results shown in Table 1 and several earlier studies from our laboratory (6, 7) .
On the basis of data from 10 lyophilizations, the means ± standard deviations for density and dry matter concentration were 1.005 + 0.03 g/ml and 1.56 + 0.30%, respectively. These values were used to calculate an overall replacement figure of 15.68 mg of LRF residue for each ml of RF. Values for density ranged from 0.98 to 1.090 g/ml, and values for dry matter concentration ranged from 0.91 to 1.97%. In the experiment in which RF was centrifuged at 3,500 x g, the density and dry matter concentration of the supernatant were 1.007 g/ml and 1.50%, respectively.
In summary, replacing fresh RF with LRF residue in culture media for enumeration or growth of rumen bacteria appears quite feasible. Since VFA concentrations were found to be reduced in LRF residue, it might be desirable to include a small amount of VFA mixture in the standard 40% RF medium when LRF residue is used. However, in only one series of experiments (Table 2) were total bacterial counts in standard 40% RF medium significantly lower with LRF residue than with RF. Some advantages of LRF residue are that laboratories which do not have access to fistulated animals could obtain rumen contents from a slaughterhouse and prepare substantial quantities of LRF residue at one time. Even for laboratories which have animals available, the use of LRF residue would save considerable time in that samples of RF would not have to be obtained every time medium was made. The convenience of having all medium ingredients available on the laboratory shelf is obvious.
Salaries and research support for this work were provided by state and federal funds appropriated to the Ohio Agricultural Research and Development Center, The Ohio State University.
We thank A. P. Grifo, Jr., for technical assistance in the preparation of LRF residue and sublimate.
